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Abstract 
Economic viability and public support are key factors of concern, along with technological advancement and ecological 
impact, for the implementation of Carbon Capture and Storage (CCS) technologies, an increasingly urgent priority, to 
contribute to reducing greenhouse gas emissions linked to global climate change, and building a low-carbon economy 
towards sustainable development. In the present study, recent socio-economic aspects of CCS technologies are discussed. 
Although real cost estimation for CCS is generally considered a difficult task, an estimated relatively high cost and energy 
requirements of these technologies, along with an uncertainty over public acceptance of CCS, appear major barriers to the 
deployment of a substantial commercial market, constraining the economic viability and policy making for the application 
of CCS. The full life-cycle cost of CCS must be considered in an overall social/environmental/economic/political context. 
Social research conducted using various tools can provide an insight into several factors influencing and shaping public 
awareness and perceptions of CCS, in order to promote communication of expert knowledge and participation, and to 
enhance the required social acceptance for the advancement of these technologies. 
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1. Introduction to Carbon Capture and Storage (CCS) technologies 
The ambition to introduce and implement carbon dioxide capture and storage (CCS) technologies 
nowadays raises particular considerations and challenges. Besides scientific/technological advancement in the 
field, ecological impact, law and regulation, and especially economic viability and public support are also key 
factors of concern. 
In the present study, socio-economic aspects of CCS technologies are outlined. Actually, economic issues 
still remain significant for large industrial activities with regard to the implementation of CCS, and economic 
drivers are critical towards building a low-carbon future (low carbon economy - LCE). Naturally, the 
experience already earned from operating the first pilot CCS units worldwide is expected to make a significant 
contribution for further advancement of the application of these technologies. On the other hand, public 
support for such LCE policies can be influenced by social factors unrelated to technological merits of CCS, 
thus complicating the challenge of advancing LCE technologies. In order to elucidate how societies are 
engaging with CCS as a mitigation option, concepts, attitudes, theories and methodologies from the social and 
policy sciences can be applied. The role of the public’s social/economic/environmental sensitivities to LCE 
technologies and their responses to CCS deployment should receive serious attention before acting. 
1.1. Introduction 
Towards sustainable development, LCE is an economy characterized by low energy and material 
consumption, low emission/pollution, with a minimal output of GHG emissions into the atmosphere, 
especially referring to the greenhouse gas of major importance, carbon dioxide (Vatalis et al., 2012). 
CCS technologies, in particular, are aimed at reducing GHG emissions derived from burning fossil fuels in 
industrial and energy-related processes (such as for power generation, accounting for about 40% of total 
anthropogenic CO2 emissions, cement manufacturing etc.), this being an increasingly urgent priority 
nowadays. Actually, the international community aims to limit global warming to below 2oC to prevent 
dangerous climate change, although relatively little progress, so far, towards a global climate agreement to 
implement the emissions reductions required to reach this target is reported (Luderer et al., 2013). Indeed, it 
has been estimated that CO2 reductions of between 60% and 80% in 2050, compared to 1990, are required for 
industrialized countries to limit climate change (de Coninck et al., 2009). 
In order to contribute to reducing GHG emissions linked to global climate change, while offering 
important possibilities to allow a further use of fossil fuels more compatible with climate change mitigation 
policies, CCS technologies appear major promising component of our carbon abatement package of 
technological options currently available to mitigate CO2 emissions from large-scale fossil fuel usage in the 
power generation sector and other carbon-intensive industries. 
Already, several academic institutions and research institutes as well as major energy industrial companies 
are working in close relation with government organizations, mainly in the EU and the USA, in various 
projects, in order to advance the science, economics and engineering applications that will underpin the 
deployment of industrial-scale carbon capture (which has received most attention in CCS research so far) and 
storage (OECD, 2011, Hester and Harrison, 2010, Rackley, 2009). 
Although CCS should be seriously employed for addressing climate change, alongside energy efficiency 
and carbon-free energy, significant environmental, technical, and political uncertainties and obstacles remain 
(Anderson and Newell, 2004). Especially, the direct cost associated with capital and operation of CO2 capture, 
transport and subsurface injection remains a significant issue with this approach of sequestration and needs to 
be meticulously analyzed. The current scientific and professional reality and practice as to the CCS 
technologies infer an expected fast growing need for specialists/engineers/technologists in the near future, 
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both for CO2 capture and for starting to find out access to suitable storage locations and how storage should 
be implemented in a safe and stable manner. Moreover, need for experts is also foreseen for full 
environmental monitoring that must accompany all pilot sequestration projects, so that industrial scale 
applications can be established quickly to guide decision making. Nevertheless, such demands for 
measurement, monitoring, verification and problem rectification imply a cost of post-operation liability, 
undetermined yet, which should also be evaluated (Gupta, 2009). On the other hand, despite a wide range of 
financial costs for CCS, depending on how and where it is applied, the expected environmental and social 
benefits of emission reductions can actually be considerable and exceed CCS costs for capital, energy and 
operation (Hardisty et al. 2011). 
However, it seems that efforts at understanding, engaging with, and communicating to, the lay public and 
wider stakeholder community in Europe still remain weak and inadequate (Shackley et al., 2009). 
1.2. Major processes, technologies and applications for CCS 
Major scientific/research achievements regarding the development of new processes, technologies and 
applications for CCS, in a multidisciplinary approach, are recently reported in several related literature 
reviews (Songolzadeh et al., 2014, Spigarelli and Kawatra, 2013, Wee, 2013, Ashley et al., 2012, Kaithwas et 
al., 2012, Kuramochi et al., 2012, Pan et al., 2012, Pires et al., 2011, Wang et al., 2011, Blomen et al. 2009). 
In particular: 
x CO2 Capture: 
a) By direct capture from the air. Applications comprise valorization of industrial wastes (including coal 
fly ashes and steel slags) as sorbents by their accelerated carbonation, conversion into zeolites for mineral 
sequestration of CO2, development of biomass-derived biochars, various chemical absorption processes, 
membrane-based technologies etc. 
b) By using photosynthetic organisms to fix carbon biologically, thus providing a biomass energy source. 
Especially, CO2 bio-mitigation using microalgae, is currently in the limelight (Lam et al., 2012, Ho et al. 
2011, Zeng et al., 2011, Wang et al., 2008). 
Upon CO2 capture, possible synergistic effects of other co-emitted pollutants (such as SO2, NOx and dust) 
should be taken into consideration. 
x CO2 Storage: 
Beyond natural absorption of CO2 in oceans, forests and soil, potential options under examination for gas 
storage include pumping into deep ocean water, a huge potential reservoir for dissolved CO2, or even in a 
subsurface deposit area into the earth’s crust in various types of porous rock that should co-exist with dense 
cap rock possessing a necessary holding capacity to prevent leaks. 
Reference should be made to leakage rates of CO2 back to the atmosphere from potential geological and 
ocean sequestration, as it appears that both storage technologies can, at least, lessen the net flow of the gas 
into the atmosphere adequately to prevent catastrophic climate change. 
In addition to technologies already getting well known for in CO2 storage, alternative methods for adding 
value to gas disposal, thus potentially providing offsetting economic applications for sequestration, should 
also be mentioned, e.g. use of CO2 intended for oceanic disposal targeted to carry out seawater desalination 
through the formation of CO2 hydrate (Max et al., 2008). 
x CO2 Utilization: 
Furthermore, novel research in the field of CO2 utilization as a feedstock in the chemical, energy and 
material sectors, is currently underway to help minimize environmental impact. Particularly, carbon dioxide 
can be converted into chemicals, fuels and polymers and there are several technologies available to achieve 
this today (Anpo, 2013, Efstathiou, 2012, Ganesh, 2011, RSC, 2006). 
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2. Socio-economic aspects of CCS 
Cost estimation for CO2 management and CCS technologies is generally considered a difficult and 
relatively uncharted territory by economists specializing in the field (Aakenes, 2011). According to Rubin 
(2012), the high cost and energy requirements of current improved CO2 capture processes (pre-combustion, 
post-combustion and oxy-combustion) remain major barriers to their use. Inexpensive and efficient methods 
of CCS can be achieved by new physicochemical methodologies enhancing the adsorption driven CO2 capture 
in zeolite voids or in depleted lignite matrices, as reported by Vatalis et al. (2012). The key insight for 
improved carbon capture technology is that achieving significant cost reductions will require not only a 
vigorous and sustained level of research and development, but also a substantial extent of commercial 
deployment, which, in turn, requires a significant market for CO2 capture technologies (Rubin et al., 2012). 
Since such plants have not been built however, published cost estimates for CCS technologies create rather 
more questions than answers, site-specific factors related to the CO2 source influence CCS cost estimation, 
the assumptions for published cost estimates are not always realistic or completely stated, while potential 
synergy effects or shared risks with cooperating partners can be cost effective. Hence, the real costs remain 
unknown, according to field experts (Aakenes, 2011, Aarvig, 2011). 
The full life-cycle cost of CCS must be considered in the context of the overall social, environmental and 
economic benefits which it creates, and the costs associated with environmental and social risks it presents 
(Hardisky et al., 2011). Indeed, it should be taken into consideration as a part of an overall optimally efficient, 
sustainable and economic mitigation plan. The perspectives of energy systems and climate change play an 
important role on efforts to improve efficient use of energy and the development and implementation of 
emerging energy technologies and attendant policies on greenhouse gas reduction (Einsiedel et al., 2013). For 
an integrated assessment of the most suitable solutions for a sustainable energy future, the extension the 
evaluation of CCS by a comparison with other low-carbon technology options should also be considered, in 
order to draw fully valid conclusions (Viebahn et al., 2014). In particular, alternative methods of carbon 
sequestration may be examined, including production of biofuels from biomass as well as charcoal 
sequestration, taking into account and associated direct costs, post operation liabilities and also policy and 
operation flexibility (Gupta, 2009). 
The longer the estimated cost of CCS exceeds the market price of carbon allowances and also uncertainty 
over public acceptance of CCS remains, the longer governments will hesitate to deal with the problem of 
climate change, and to act vigorously to close the cost gap by steping forward with sufficient funding or 
regulatory constraints, for facilitating the deployment of CCS as part of climate change mitigation options in 
the forthcoming decades (Backstrand et al., 2011). De Coninck et al. (2009) suggest an important 
governmental role in establishing a strong policy framework providing efficient and longterm incentives for 
CCS and CO2 transportation (pipeline) networks, along with a robust and transparent legal framework, 
especially with respect to environmental liability. Possible synergy effects of a common infrastructure of CCS 
facilities are expected to make a significant contribution for further advancement of the application of these 
technologies. 
Luderer et al. (2013) propose an integrated energy-economy-climate modeling system to examine how a 
further delay of cooperative action and technology availability affect climate mitigation challenges concluding 
that progress in international climate negotiations within this decade is imperative to keep the 2oC target 
within reach and pointing out the role of CCS commercial availability. The delayed availability of CCS may 
be a significant barrier constraining the economic viability of CCS particularly in developing countries 
(Viebahn et al., 2014). Furthermore in developing countries, fundamental pressing socio-economic needs 
imply that the interest in, and viability of, large-scale development of CCS has to be considered as a strategic 
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issue in the overall context of national development, and strategic concerns that may influence relevant 
decisions should be analyzed (Roman, 2011). 
Social surveys can provide an insight into public awareness and perception of CCS as well as to the origins 
of social opposition that can impede the adoption of CCS, by investigating how perceptions are shaped both 
by local economic interests and individual cultural worldviews, in order to promote the necessary social 
acceptance for the advancement of low-carbon technologies. Possible public resistance to certain CCS 
technologies based on particular socio-environmental sensitivities would shape the portfolio of options 
available, and affect the energy system pathway and the cost to achieve decarbonisation (Jay et al., 2014). 
Upon a comparative study of the quality of informed public opinion on CCS created using two research 
techniques, information-choice questionnaires and focus group discussions, questionnaires yielded higher-
quality opinions than focus groups, by evaluating three indicators of opinion quality, namely consistency, 
stability, and confidence (ter Mors et al., 2013). Social/political/institutional/economic factors such as trust in 
industry and government, perception of partners benefiting from the technology, and tradeoffs between 
energy systems appear to influence the assessment of energy options among participants in another workshop 
(Einsiedel et al. 2013). 
Moreover, the level and influencing factors of social acceptance of CCS, investigated by means of an 
online survey among 130 university students in Dresden, reveal a rather neutral attitude towards CCS. On the 
other hand, the individual willingness to pay for CCS technology appears much lower than for renewable 
energy delivery, and is influenced by the level of public acceptance of CCS (Kraeusel and Most, 2012). 
Monetary compensation can increase public support for the hosting of potentially hazardous facilities (Zaal et 
al., 2014). Cherry et al. (2014) also confirm strong evidence that economic interests are significant factors in 
determining public support for low-carbon energy technologies. The analysis of the impacts of three different 
economic tools, specifically a carbon tax, a subsidy to sequestered carbon, and a subsidy to labor in CCS, 
shows that all three policies foster CCS activity, with contrasting, however, effects on resource extraction, 
carbon emissions and consumption (Grimaud and Rouge, 2014). 
Representative survey studies in six selected European countries reveal a great variation in the public 
understanding and knowledge of CCS technologies, which is attributed to socio-demographic data, poor 
information on CCS and preexisting attitudes on energy issues. Actually, the majority of respondents would 
support the use of CCS, but support generally appears with some reservation, built on a base of low awareness 
(Pietzner et al., 2011). Shackley et al. (2009) also consider that social acceptance of CCS in Europe, as part of 
a portfolio of options, is likely to depend on awareness and perceptions of public and stakeholders, which, in 
turn, are affected by the level of concern over energy security, climate change, electricity prices and support 
for CCS will detract from support for other low- and zero-carbon technologies (renewables, nuclear power 
and, to some extent, natural gas). Internet-based public debate of CCS in Poland and Spain, through 
discussion of online focus groups, emerges as another deliberative method illustrating and affirming the 
importance of trust in message source, the difficulties potentially posed for preexisting opinions and concerns 
as well as access to conflicting online information (Riesch et al., 2013). Surveys of Van Os et al. (2014) 
conclude that conflicting views from key stakeholders regarding the prospects of the CCS initiative in the 
Northern-Netherlands are more responsible for the abandonment of this initiative than local opposition itself, 
and suggest that future policy for CCS should be designed in a strategic framework, which will account for 
interaction of social/political/market/community aspects and acceptance. Public trust in CCS stakeholders also 
appears a highlighted influential factor in Netherlands (Terwel et al., 2011), affecting social acceptance of 
CCS deployment. It should be noticed that people tend to trust environmental NGOs and local authorities 
more than industrial stakeholders on the basis of their perceptions of organizational motives than competence 
concerning the issue. Besides these socio-political factors, people’s economic belief of a possible fall in local 
property value, recorded in another related study (Terwel et al., 2012), also influences negative public 
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attitudes towards the implementation of a project to transport and store CO2 in a region. It is, however, 
anticipated that CO2 storage will become a commercial market from year 2020, where Norwegian industry is 
expected to be well-qualified to participate (Aarvig, 2011). The need for mechanisms to take seriously 
stakeholder conceptions of uncertainty, and the importance of extending social engagement beyond risk 
communication, is also pointed out by means of interviews carried out with stakeholders and informed publics 
in Scotland about offshore CO2 storage, considering that it would possibly easier to garner public and 
stakeholder support for this option compared to onshore storage due to the greater distances from centres of 
population, emphasizing the significance of social and physical characteristics at the sites to be elected 
(Mabon et al., 2014). 
The investigation of societal stakeholders’ perceptions, with a focus on industrial stakeholders in China, 
regarding the socio-economic impacts, energy security, environmental concerns, international and domestic 
incentives and financial mechanisms, may contribute to enhance social acceptance thus creating an enabling 
environment for applying CCS, as reported by Reiner and Liang (2009). 
In the USA, interviews of focus groups community perspectives on CCS, point out that factors such as past 
experience with government, existing low socio-economic status, desire for compensation, and/or perceived 
benefit to the community appeared of greater concern than the concern about the risks of the technology itself, 
providing potential lessons for application to CCS deployment (Bradbury et al., 2009). 
The role of socio-political context in both above mentioned world’s largest CO2 emitter countries (U.S.A. 
and China), including political system, government structure, economic policy, national innovation system, as 
well as energy strategy and market structure, should be carefully taken into consideration (Yuan and Lyon, 
2012). Hopefully, current collaboration between the two countries through a common Clean Energy Research 
Center represents a beginning of a new era of clean energy cooperation, offering a significant opportunity to 
speed up the global CCS development for achieving meaningful reductions in GHG emissions. 
Moreover, questionnaire surveys conducted among Japanese university students, to evaluate the necessary 
public acceptance before the implementation of CO2 geological storage, revealed that the benefit perception 
was more influential than the risk perception on the public acceptance and could beneficially be increased 
greatly by providing related information to the public (Tokushige et al., 2007). 
Concluding, relevant social research seems to be absolutely necessary for detailed plans and further steps 
in communication and participation towards linking and enhancing public acceptance with expert knowledge 
to clearly identify consent and dissent on several aspects in regard of CCS, a prerequisite before its 
application, and also evaluation of energy deployment framework, through the lens of social network analysis, 
can improve understanding, intending to help energy policy-makers develop and implement more effective 
strategies to accelerate the deployment of emerging energy technologies (Ragland et al., 2011, Wassermann et 
al., 2011). 
3. Conclusions 
Cost estimation for CCS technologies is generally considered a difficult task and the real costs remain 
relatively unknown. However, a high cost and energy requirements of current CCS technologies, along with 
an uncertainty over public acceptance of CCS, are considered major barriers for the development of a 
significant market for CCS, thus delaying a substantial commercial availability and constraining the economic 
viability and application of these technologies. Moreover, the longer the estimated cost of CCS exceeds the 
market price of carbon allowances the longer political reluctance to act vigorously will remain. The full life-
cycle cost of CCS must be considered in an overall social/environmental/economic/political context of 
benefits and risks, as a part of an optimally efficient, sustainable and economic mitigation plan. 
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Social research, conducted by means of questionnaires, interviews, online surveys and focus group 
discussions, can provide an insight into public awareness of CCS, by investigating how perceptions are 
shaped by economic interests, individual cultural worldviews and various socio-political factors, in order to 
promote detailed plans in communication and participation towards linking public awareness with expert 
knowledge,  thus enhancing the necessary social acceptance for the advancement of low-carbon technologies, 
a prerequisite before their application. 
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